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Introduction 1
Increases in water salinity affect freshwater ecosystems in many regions of the 2 globe [1, 2] . These changes in ionic concentration and composition impair water quality, 3 which disrupt the abundance and distribution of aquatic species [1, [3] [4] [5] [6] [7] [8] and threaten 4 ecosystem functioning and the provision of services of crucial importance for our society 5 such as drinking and irrigation water, climate regulation, recreation and food [9] . 6 Mediterranean regions are specially vulnerable to this stress due to their marked 7 seasonality in environmental temperature and evaporation. 8 To date, our understanding about the physiological mechanisms by which freshwater 9 organisms deal with salinity stress is limited [2, 10] . Moreover, our knowledge of the 10 July 11, 2019 1/10 consequences of salinity changes for organisms performance is poor, considering the 11 attention given to other stressors in freshwaters, such as metals and pesticides [11] . 12 Salinity changes may exert direct lethal effects if those changes are strong enough as to 13 exceed the tolerance limits of organisms [10] . Nevertheless, if salinity changes are more 14 subtle, sublethal effects may be expressed such as alterations in development, physiology 15 or behavior [12] [13] [14] [15] [16] [17] . In particular if behavior is affected, this would imply a dysfunction 16 in the short-term behavioral capabilities of reacting to environmental signals and 17 stimuli. In benthic freshwater invertebrates, behavioral responses allow them to perform 18 habitat selection, through deciding either to stay in the same place, to perform 19 small-scale movements or to release from the substrate to derive and move away 20 quickly [7, 18] . These behavioral responses to environmental risk are vital for organism 21 performance and population persistence. 22 Freshwaters from Mediterranean regions are of special concern for biodiversity 23 maintenance and ecosystem functioning. This is due to that Mediterranean ecosystems, 24 on one hand, exhibit high levels of biodiversity and endemicity and, on the other hand, 25 are subjected to high levels of biological invasions and are expected to be highly affected 26 by climate change [19] . Rivers from Mediterranean Chile are characterized by strong 27 environmental gradients [20] [21] [22] , where both altitude and latitude are strong predictors 28 of abiotic conditions. 29 Besides this, hydrological basins in this region have been threatened by economic 30 activities mainly derived from mining and agriculture industry during the last century. 31 These actions have disrupted physical, chemical and biological properties of these 32 ecosystems [4, 23] . Thus, both natural -physical and geological-features as well as 33 anthropogenic factors have contributed to create contrasting salinity levels in rivers 34 belonging to the Mediterranean region of central Chile that extends from 31 • S to 35 • S 35 along the Andean hydrological basins. 36 Physiological adaptation to different levels of water salinity has been reported for 37 aquatic freshwater organisms, mainly linked with mechanisms of ion regulation [11, 24] . 38 Thus, organisms from different local populations of a species may exhibit different 39 degrees of salinity tolerance, which could also be expressed into diverse abilities to 40 respond behaviorally to external stimuli. Nevertheless, due to our limited understanding 41 of the ecological consequences of osmotic stress, it is unclear how the phenotypic 42 responses to different salinity levels are shaped by local adaptation. 43 In this study we evaluate experimentally the effects of geographical origin and local 44 salinity levels on survival and behavioral responses of a model benthic freshwater species 45 inhabiting the Mediterranean region of Chile, the caddisfly Smicridea annulicornis. Our 46 general prediction is that survival and behavioral responses to different salinity levels 47 will be function of the geographical origin of the organisms. However, we have specific 48 expectation according to two competing hypotheses. Habitats with lower water salinity 49 represent a challenging environment to benthic invertebrate species, due to difficulty for 50 osmotic regulation in a medium with lower ionic concentration than internal fluids [25] . 51 Thus, it has been suggested that the ability of some invertebrates to tolerate dilute 52 water may allow them to inhabit a wide range of water salinity. However, physiological 53 mechanisms to overcome low water salinity likely evolve at the expense of other traits 54 that are beneficial at higher water salinity conditions [11, 26, 27] . According to this 55 hypothesis, we expect that organisms adapted to low salinity will maintain similar levels 56 of survival through different experimental salinity levels, but will reduce their 57 behavioral performance at higher salinity as an expression of the costs of low-salinity 58 adaptation. Also, we expect that organisms adapted to higher salinity levels will reduce 59 their survival under low salinity. On the other hand, several studies indicate that affected by higher salinity levels both in behavioral responses and survival, as compared 63 to organisms adapted to higher salinity levels. Under this hypothesis, low-salinity 64 adapted organisms should be more sensitive to experimental changes in salinity, 65 Our analyses shed light into how benthic freshwater fauna may respond to current 66 salinity changes by evaluating an array of lethal (mortality) and nonlethal (behavioral 67 responses) attributes.
68

Materials and methods
69
Study organisms 70 We conducted this study usin as a model speciesgthe Neotropical trichopteran Smicridea 71 annulicornis (Blanchard 1851), which has a broad geographic distribution in latitude 72 and altitude [5] . The larval stages of this species inhabit the rithral areas of rapids and 73 pools where they are abundant and play a functional role as filter-feeders/collectors, 74 consuming coarse organic particles and algae. During spring, large numbers of adults 75 emerge and fly away [13, 30] . However genetic analyses indicated a low vagility of this 76 species [31] . We collected the animals from three hydrological basins along a 450 km 77 latitudinal gradient in the Mediterranean zone of central Chile: Choapa, Maipo and 78 Maule (Fig 1) . In each of these localities, larvae of S. annulicornis were collected by 79 hand from the riverbed in the spring-summer of 2016, and placed together in plastic jars 80 of 1L to be transported to the laboratory. All animals were kept in water from each 81 place where the animals were collected and acclimated to the experimental conditions 82 during one week before performing the measurements. We used electric conductivity as 83 proxy of salinity. To determine the levels of conductivity to be used in the experiments 84 we considered the range of variation of water conductivity at each of the hydrological 85 basins reported for the last 50 years (Dirección General de Aguas, Chile; 86 www.snia.dga.cl). We choose three experimental conductivity levels: low (180 µS/cm), 87 medium (500 µS/cm) and high (1400 µS/cm). These levels were close to the ones desktop electrical conductivity meter (Bante Instruments®). The media were renewed 95 every two days during the experimental period to avoid oxygen depletion and changes in 96 pH. These parameters were recorded in parallel during the experiment. A factorial design was used to analyze the recorded responses. Our design included 124 three levels of river basin and three levels of water conductivity. Survival analysis was 125 conducted using a parametric model based on the Weibell distribution, with body size 126 used as a covariate. For each trait, repeatability was evaluated by intra-class correlation 127 coefficient [32] by calculating the between-and within-individual variance component, 128 from models which consider the biased distribution of counts and proportional data [33] . 129 We conducted the repeatability analysis using the rptR library in R software. The (4, 199) 0.235
Behavioural responses
157 Activity (i.e. the rate of behavioral responses) was significantly affected by experimental 158 time and body size ( Table 2 ). In addition, organisms from different river basins showed 159 significant differences in their activity levels in dependence on the specific behavior 160 displayed ( level. These differences were statistically significant (P < 0.05) for total activity. In Correlation Coefficient -ICC) as compared to walking and sheltering (S1 Table 1 ). (1, 825) ¡0.001 Behavior Category (BC) 159 (3, 822) ¡0.001 Basin 3.78 (2, 820) 0.021 Conductivity (µS/cm) 0.07 (2, 818) 0.923 BC x Basin 15.5 (6, 812) ¡0.001 BC x Conductivity 0.87 (2, 806) 0.513 Basin x Conductivity 1.62 (1, 802) 0.166 BC x Basin x Conductivity 1.49 (2, 790) 0.123
Discussion
184
Survival and behavioral responses of Smicridea annulicornis showed to be sensitive to 185 water salinity in our laboratory treatments. However, the responses were stronger in 186 organisms whose geographic origin was the river with lower historical levels of water 187 salinity. This result support our general prediction that geographical origin shape the 188 responses to water salinity. Although, this result contrasts with those of Kefford et al, 189 where organisms collected from different rivers having different conductivity ranges 190 exhibited no differences in their salinity tolerance [35] . Differences in tolerance of 191 invertebrates to salinity increments has been found associated to taxonomic 192 affiliation [36] or habitat type (e.g. lentic vs lotic, [37] ). However, there is little evidence 193 on differences in salinity responses attributable to geographic origin [38] . This is 194 surprising considering the current relevance of salinity pollution for the conservation of 195 freshwater biodiversity [26] . Freshwater ecosystems suffering from anthropogenic 196 salinization have shown effects not only on community structure but also on the 197 phenotypic expression of reproductive, morphological and physiological traits [39] .
198
Regarding our competing hypotheses about the way in which experimental 199 organisms respond according to their geographical origin, our results supported our 200 second hypothesis. This hypothesis propose that low-salinity adapted organisms should 201 be more sensitive to experimental changes in salinity, as compared to organisms adapted 202 to higher salinity levels. This supports that high salinity levels, within the observed 203 ranges in Mediterranean rivers, act as a stressing factor to benthic macroinvertebrate 204 organisms [40] . These effects could be modulated by differential osmoregulatory 205 capabilities due to local adaptation [25] . Our experimental results are in line with field 206 July 11, 2019 6/10 information that indicates salinity increment in rivers having a detrimental effect on 207 biodiversity [26] . Furthermore, increased salinity has also shown to induce changes in 208 community structure [41] , and affect the phenotypic variation of the species inhabiting 209 freshwater originsalinity increase, it is expected that selection for tolerant phenotypic 210 variants triggers biodiversity loss, bointraspecific and interspecific levels [25, 26] .
211
This study aids to expand our knowledge about how the organisms respond to 212 environmental variation, specifically to salinity, and which is the role of the historical 213 context in shaping phenotypic responses to ecological conditions. In particular, we 214 showed that organisms from different geographic locations responded deferentially to This represents a topic of increasing interest [42] [43] [44] [45] .
230
Supporting information 231 S1 Table 1 Responses and repeatability of behavioral traits. 
